Introduction
The Cenozoic angiosperm wood record in Australia has been little studied. Sahni (1920) provided the first detailed anatomical descriptions of fossil angiosperm woods from Australia assigning two species to a form genus, Pataloxylon, from the Paleocene Oxley Group, and an undescribed angiosperm wood from Chinchilla in south eastern Queensland, but he was unable to place these taxa in a modern family. Churchill (1973) described silicified wood from an Upper Eocene deposit, near Toolbrenup, southwestern Australia, which was identified by the wood anatomist, H.D. Ingle, as belonging to the Lecythidaceae. Bishop & Balmer (1985) described silicified wood of Acacia (Fabaceae-Mimosoideae), Eucalyptus (Myrtaceae) and Nothofagus (Nothofagaceae) from Early Miocene sediments in the Lachlan Valley, New South Wales. Leisman (1986) described Lauraceae wood, associated with Eocene À Oligocene basalts, from eastern Victoria. Conran & Rozefelds (2003) described Arecaceae stems from an Oligocene locality near Springsure in Queensland. Bamford & McLoughlin (2000) identified silicified wood from Western Australia as having affinities with the Euphorbiaceae, but this assignment has been queried (Rozefelds et al., 2017a) . As Bamford & McLoughlin (2000) pointed out distinctive looking angiosperm woods are known from various sites in Australia and therefore opportunities exist for further research on fossil angiosperm woods, but little subsequent research has occurred.
The Capella flora includes a remarkable seed and fruit flora, and leaves, stems and roots (Cook & Rozefelds, 2015) . Research on the seed/fruit flora has progressed and taxa considered congeneric with Elaeocarpus (Elaeocarpaceae), Pleiogynium (Anacardiaceae) and Sarcopetalum (Menispermaceae) have been described, and form taxa considered closely related to extant Fontainea (Euphorbiacaeae) and Athertonia (Proteaceae) have also been recognised (Rozefelds, 1990 (Rozefelds, , 1991 (Rozefelds, , 1992 Rozefelds & Christophel, 1996 Dettmann & Clifford, 2000 Rozefelds et al., 2014 Rozefelds et al., , 2017b . The seed flora also includes two species of Vitaceae, one of which was formally described as the form genus, Cissocarpus Rozefelds. A second species of Vitaceae was also recognised from the site but was only known from a single specimen that was still partially embedded in matrix, and was considered, at that time, to not warrant naming. The vegetation of the site has been interpreted as a complex rainforest community with conifers and woody lianas (Cook & Rozefelds, 2015) . The discovery of Vitaceae wood at the site provided the impetus to review the fossil record of the family in Australia.
Vitaceae are a family of woody vines and in Australia (excluding the Christmas Island Territory) are represented by six native genera: Ampelocissus (4), Causonis (3), Cayratia (5), Cissus (9), Clematicissus (2), and Tetrastigma (5) and an informal taxon variously identified as Cissus II or 'Austrocissus' (4); with the numbers of species in parentheses (Jackes, 1984 (Jackes, , 1987a (Jackes, , 1987b (Jackes, , 1988a (Jackes, , 1988b (Jackes, , 1989a (Jackes, , 1989b Rossetto et al., 2006 Rossetto et al., , 2007 Vitaceae in CHAH, 2008; Chen & Manchester, 2011; Wen et al., 2013a Wen et al., , 2013b Zhang et al., 2015; Lu et al., 2018) . Leea is an arboreal genus that is sister to the remainder of the Vitaceae (Lu et al., 2018) . The APG includes it in the Vitaceae (Angiosperm Phylogeny Group IV, 2016), while Soejima & Wen (2006) treated it as a separate family, Leeaceae, which we have followed herein.
Vitaceae are largely restricted to mesic plant communities in Australia, but some species occur in open forest and Eucalyptus woodlands. Fossil seeds of the family have been recorded from sites in eastern Australia, including late early to basal middle Eocene sequences (51-49 My BP) at Mount Hotham (Carpenter et al., 2004) , early Oligocene (Rupelian) aged sequences at Capella (Rozefelds, 1990) , middle Miocene Latrobe Valley Coal Measures (Blackburn & Sluiter, 1994; Rozefelds, pers. obs.) and a specimen illustrated by Johnston (1875) from Breadalbane Lignite, northern Tasmania, is also probably referable to this family (Fig. 1) . Recent studies by Chen & Manchester (2011) have highlighted the importance of seed characters in distinguishing genera and recognizing clades within the Vitaceae.
Phylogenetic relationships in the family have been studied in a series of papers. Ingrouille et al. (2002) provided insights into the systematics of the family using rbcL sequence data. Rossetto et al. (2006 Rossetto et al. ( , 2007 focused on Australian species, and an overview of the phylogenetic relationships within the family was provided by Wen et al. (2007 Wen et al. ( , 2013b and Ren et al. (2011) . More detailed generic level phylogenies have studied Cissus using five plastid markers (rps16, trnL-F, atpB-rbcL, trnHpsbA and trnC-petN) (Liu et al., 2013) , Tetrastigma , Ampelocissus (Nie et al., 2012) , Ampelocissus-Vitis clade (Liu et al., 2016) , and recent research has focused on understanding early divergences within the family (Zhang et al., 2015; Lu et al., 2018) . These studies have collectively defined five major clades in the family (Wen et al., 2013b; Zhang et al., 2015; Lu et al., 2018) . Within these clades the recognition of monophyletic groups has resulted in the redefining of some genera which provides a better resolution of the systematic relationships between these taxa (Wen et al., 2013a (Wen et al., , 2014 . These studies are collectively helping us better understand character evolution in the family and the phylogenetic significance of this morphological variation.
The fossil record of Vitaceae in Australia has been largely ignored in the recent phylogenetic/palaeobotanical literature, in part, because there has been no previous attempt to provide a synthesis of what is known from the continent and also because most of the studies have been limited and somewhat preliminary in nature. In this paper we describe well-preserved Vitaceae wood from the Capella site and examine the phylogenetic significance of selected wood characters. The history of the family in Australia, based upon both the pollen and seed record, is also reviewed and the biogeographical implications are assessed.
Geology and preservation
The plant remains from near Capella, in central Queensland, are derived from silcrete blocks associated with the basalts (Rozefelds, 1990; Cook & Rozefelds, 2015; Rozefelds et al., 2017b ) that have been isotopically dated at 29-32 My BP (Sutherland et al., 1977) indicating an early Oligocene (Rupelian) age for the flora. The plant remains, which includes wood, roots, fruits and leaves have been replaced by silica that has preserved their three-dimensional shape and internal anatomy, commonly in fine detail. The mass of different sized plant organs was originally interpreted by Rozefelds (1990) as being accumulated under high energy conditions but the taphonomy of the site is unclear. The cellular structure of the phloem and periderm revealed in this paper, the fine roots and ectomycorrhiza on roots and uncoiling fern fronds (Rozefelds, 1990) and the rare preservation of the exocarp of some fleshy fruits (Rozefelds & Christophel, 2002) indicates that burial and preservation were rapid. The presence of roots, preserved in situ, indicates that the deposit was, in-part, a palaeosol with a plant litter horizon (Rozefelds et al., 2017b) . Wood anatomical features, such as distinct growth rings, provides insights into the locality's palaeoclimate at that time. 
Material and Methods
The fossil wood is part of the Queensland Museum Collection and specimens are given QMF Nos. The fossil Vitaceae wood and bark were thin sectioned using standard petrographic techniques and compared with extant genera based upon descriptions in Adkinson (1913) , Metcalfe & Chalk (1950) , Wheeler & La Pasha (1994) , Poole & Wilkinson (2000) , the online reference source Insidewood (Insidewood, 2004-onwards; Wheeler, 2011) , and original observations, as detailed below. Ilic (1991) illustrated the wood anatomy of one native species, Leea sundaica and two introduced species Parthenocissus quinquifolia and Vitis californica in CSIRO Atlas of Hardwoods, but no detailed overview of the wood anatomy of Australian species is available. The wood anatomy of some Vitaceae genera (Cyphostemma, Pterisanthes and Yua) was unknown, so hand sections of these genera, were prepared. The species name, authority, and collection details are listed in Appendix 1. We also sectioned stems of Leea (Leeaceae), to examine the bark anatomy which also had not been previously described (Appendix 1). The external appearance of the bark and cross sections of the stem, which shows the general pattern of the wood of the modern genera in tropical Australia were illustrated in Australian Tropical Rainforest Plants À Trees, Shrubs and Vines on-line resource.
Description of fossil wood and bark follows the IAWA List of Features for Hardwood identification (IAWA Committee, 1989) and Bark Studies respectively. Phloem and periderm were described primarily from the stem transverse section, since the longitudinal sections were not clear enough to be analysed. All measurements were performed with the free software ImageJ 1.45s (http:// imagej.nih.gov/ij). Authorities to extant plant taxa are available at the International Plant Names Index website (http://www.ipni.org/). Additional information on the distribution and ecology of Vitaceae of northern Australia is from Australian Tropical Rainforest Plants (2010) on-line resource.
Results

Description of fossil wood
Family Vitaceae Jussieu Genus Austrovideira M.R.Pace & Rozefelds, gen. nov. Diagnosis Wood with distinct growth ring boundaries, vessels of two different diameter classes, wide vessels usually solitary, narrow vessels forming radial chains, intervessel pits scalariform, very wide and tall rays, which are homocellular, composed exclusively of procumbent cells, scanty paratracheal parenchyma and septate fibres. Secondary phloem has a clear stratified structure, with fibre bands alternating with the other axial elements.
Etymology The genus is named after Austro for southern and Videira which is the Portuguese word for grape vine.
Austrovideira Diagnosis Vessel elements diffuse to semi-ring porous (Figs. 2A, 2B ), with vessels in two diameter classes (Fig. 2B) , wider vessels generally solitary (Fig. 2B) , and narrow vessels in radial multiples. Intervessel pitting scalariform (Fig. 2E ). Rays tall (Fig. 2C ), homocellular composed of exclusively procumbent cells (Fig. 2D ). Bark tessellated, fissured, vertically oriented ( Fig. 3A) , secondary phloem has a clear stratified structure, with fibre bands alternating with the other axial elements (Figs. 3B-3D ).
Description Secondary xylem, growth rings distinct, with boundaries delimited by radially narrowed fibres and dilated rays. (Fig. 2B ).
Vessel elements, diffuse to semi-ring porous ( Figs Rays: Rays tall (>1 mm) and wide ( Fig. 2C ), usually 9-11 cells wide. Ray homocellular, with all cells procumbent (Fig. 2D ).
Irregularly storied axial elements. Crystals: not observed. Cambial variants: Axial elements in plates, divided by large rays ( Fig. 2A) .
Bark (external appearance): Tessellated, fissured, vertically oriented ( Fig. 3A) , rough, 6 mm thick, lenticels not evident.
Secondary phloem (inner bark) stratified secondary phloem (Figs. 3B-3D), with wide bands of fibres alternating with other axial elements, i.e., axial parenchyma and sieve-tubes (Figs. 3B-3D). Sieve-tubes wide (Figs. 3C, 3D), 27 AE 5 mm, grouped in clusters (Figs. 3C, 3D ). Axial parenchyma diffuse (Fig. 3D ). Rays straight, dilating rapidly towards the periderm (Fig. 3B) , equal in height, width and composition to the xylem rays in the conducting phloem, large idiobasts present, but without discernible content.
Fibres present, square to polygonal (Figs. 3B-3D), in tangential bands of 5-8 cells (Figs. 3C, 3D ).
Periderm (outer bark) non-exfoliating ( Fig. 3A) , sequent periderms (rhytidome) concentric, consisting of thick-walled phellem cells, radially flattened, dark tangential bands formed where phellem cells totally collapse, phelloderm composed of a thin band of rectangular cells.
Remarks Austrovideira differs from all previously described fossil Vitaceae species in possessing the following combination of characters; stratified phloem, scalariform intervessel pits and homocellular rays composed of procumbent cells. There is both infrageneric and intergeneric variation in the appearance of bark in extant tropical Vitaceae and the external appearance of bark in the species from northern Australia has been described in the on-line resource, Australian Tropical Rainforest Plants. Some species are described in the online resource as having tessellated, and/ or fissured, and/or corky bark and some species of Cissus and Tetrastigma have tessellated/fissured bark. While tessellated/ fissured bark is not restricted to any particular genus, it is not recorded from Australian tropical species of Clematicissus, Ampelocissus or Leea.
Wood of the holotype (QMF58800) shows evidence of insect damage with a catachord-infilled chambers (sensu Headrick & Goeden, 1989) , consisting of a round mass in the wood with undigested, angular fragments of wood (Plate 2A). QMF58858 also shows insect damage including frass-filled chambers, and relatively large coprolites. The coprolites have the same appearance, and are of the same size, as those described previously from the Capella site that were Fig. 2 . Stem features of Austrovideira dettmannae (QMF58800). A, Entire stem cross-section, showing well-preserved wood and bark. Note growth ring boundaries marked by wider vessels, and bark with flaring rays, and the round mass in the bottom right hand corner is due to insect feeding. B-E, Secondary xylem. B, Transverse section (TS). Growth ring boundaries (arrows) delimited by radially narrowed fibres and wider vessels. Most wide vessels solitary, but sometimes also associated with radial chains of narrow vessels. Narrow vessels typically forming long radial chains. C, Longitudinal tangential section (LT). Rays are tall, higher than 1 mm, and wide, with over 5 cells of width (arrow). D, Longitudinal radial section (LR). Rays are homocellular, with procumbent cells composing the rays. E, LR. Intervessel pits scalariform (arrows). Scale bars:
considered to be due to termite (Kalotermitidae) feeding (Rozefelds & De Baar, 1991) .
Discussion
Palaeoecology of the Capella site
Austrovidera is represented by five specimens showing variously preserved fragments of wood and bark. While not all the specimens were sectioned, all of the specimens have tessellated, vertically-orientated, fissured bark, and have evidence of stratified secondary phloem and one stem (QMF58858) has a diameter of over four centimeters, and hence Austrovideira were relatively large, robust lianas. As many of fossil plants at the Capella site belong to, or are considered closely related to, genera that have species with relatively large leaves, e.g., Athertonia, Elaeocarpus, Fontainea and Pleiogynium the Capella forest is interpreted as a complex mesophyllnotophyll rainforest (sensu Webb & Tracey, 1981; Tracey, 1982) with lianas (Menispermaceae and Vitaceae). The presence of conifer wood suggests a canopy of emergent conifers, as they are reliant upon wind dispersal of their pollen. The presence of distinct growth ring boundaries in Austrovideira is a feature common in rainforest lianas, and has been generally associated with the presence of a marked alternation between a dry and a rainy season in these areas (Lima et al., 2010; Brandes et al., 2011) . A seasonal climate for the Capella flora is also consistent with its higher latitudinal position at that time. 4.2 Generic limits and variation in the wood anatomy of fossil Vitaceae wood Wheeler & La Pasha (1994) provided anatomical information for most modern genera in the Vitaceae. Vitaceae wood can be identified by a combination of features, such as the presence of wide, solitary vessels, scanty paratracheal parenchyma, very wide and tall rays, storied or irregularly storied axial elements, stratified phloem (fibre bands alternating with sieve tubes and axial parenchyma), and conspicuous ray dilatation in the phloem forming wedges towards the periderm (Wheeler & La Pasha, 1994; Poole & Wilkinson, 2000) . As there is considerable, and phylogenetically informative characters in the wood anatomy of the Vitaceae (Poole & Wilkinson, 2000 ; Table 1 ), we, here, recognise two new fossil wood genera that display features of Vitaceae, but possess a combination of distinctive features that warrant separate generic status ( Fig. 4; Table 1 ).
Wheeler & La Pasha (1994) erected a new genus Vitaceoxylon for fossil wood that could be referred to the family that had alternate intervessel pitting and heterocellular rays. Two species were described from the Eocene Clarno Formation of the United States by Wheeler & La Pasha (1994) and two European species V. ampelopsoides (Sch€ onfeld) Wheeler & La Pasha from Miocene brown coals in Germany (Sch€ onfeld, 1930) and V. megyaszoense (Greguss) Wheeler & La Pasha from Hungary (Greguss, 1969) , were also referred to the same genus.
Fossil Vitaceae stems from the Capella locality, Queensland are described, herein, as a new genus, Austrovideira that has a typical lianescent wood and bark anatomy (lianescent vascular syndrome, Angyalossy et al., 2012 Angyalossy et al., , 2015 , marked by the presence of vessels of two diameter classes (vessel dimorphism; Carlquist, 1985) , very wide vessels and sieve tube elements, and wide and tall rays. Austrovideira differs from Vitaceoxylon sensu Wheeler & La Pasha (1994) , in a number of significant characters. Vitaceoxylon has alternate intervessel pits and heterocellular rays (Wheeler & La Pasha, 1994) , while Austrovideira has scalariform intervessel pits and homocellular rays composed of procumbent cells, which are both highly informative characters for the Vitaceae (Metcalfe & Chalk, 1950; Wheeler & La Pasha, 1994;  Table 1) . Poole & Wilkinson (2000) described a species, Vitaceoxylon ramunculiformis, from the London Clay Floras which they recognized as belonging to the Vitaceae. While it was placed in Vitaceoxylon they had to significantly expand and amend the generic diagnosis to accommodate this new species because it has scalariform pitting. It shares scalariform pitting with Austrovideira, but it differs from this latter genus in having heterocellular rays and lacking a stratified phloem, features which have been shown to be conserved within genera in the family (Wheeler & La Pasha, 1994; Angeles & Leon-Gomez, 1997) . As Vitaceoxylon ramunculiformis has a combination of characters that do not occur in Vitaceoxylon and Austrovideira, a new genus is proposed, herein. Etymology From the Greek 'Stafyli' for grape and 'oxylon' for wood.
Diagnosis Wood with or without distinct growth ring boundaries, vessels in two diameter classes, perforation plates simple, vessel pitting scalariform, parenchyma scanty paratracheal to vasicentric, storied elements or with a tendency to be storied, fibres septate, rays heterocellular, multiseriate, idioblasts generally present, phloem nonstratified.
Type species Stafylioxylon ramunculiformis Stratigraphy London Clay Age Late Eocene (Ypresian) (Collinson & Cleal, 2001 ) Remarks Poole & Wilkinson (2000) interpreted the wood anatomy of S. ramunculiformis as indicating a close relationship to Rhoicissus. The combination of characters seen in S. ramunculiformis; i.e., non-stratified phloem, scalariform intervessel pits and heterocellular rays do suggest links with Rhoicissus. These character states, however, are not restricted to Rhoicissus and also occur in Cyphostemma of the CayratiaCyphostemma-Tetrastigma clade, Yua of the ParthenocissusYua clade, and in Ampelocissus and Pterisanthes (Fig. 4) . In the Ampelopsis-Rhoicissus-Nekemias clade, Nekemias and Ampelopsis have non-stratified phloem and scalariform intervessel pits, but they differ from Rhoicissus in having homocellular rays. While the wood anatomy of some genera, such as 'Cissus II' and Nothocissus is not known or incompletely known, scalariform intervessel pits which are probably plesiomorphic for the family are shared by all members of the AmpelocissusVitis clade, and Ampelopsis and Rhoicissus in AmpelopsisRhoicissus-Nekemias clade (Liu et al., 2013; Fig. 4) and 'Cissus II' (Jugo Ilic, 2017, pers. comm.) . Other genera in the family have alternate intervessel pitting (Fig. 4) .
Phylogenetic placement of Austrovideira and variation in wood anatomy of modern Vitaceae wood
Within Vitaceae the only genera with wood and bark features that match closely Austrovideira are either Vitis or Parthenocissus (Table 1) although neither genus is native to Australia. Vitis belong to the Ampelocissus-Vitis clade which also includes Pterisanthes and Nothocissus (Wen et al., 2013b; Lu et al., 2018; Fig. 4) , and is represented in Australia by the genus Ampelocissus. Ampelocissus has scalariform intervessel pits, but lacks a stratified phloem, which is an obvious feature of Austrovideira and an important diagnostic character not only in Vitaceae (Wheeler & La Pasha, 1994 ; Fig. 4 ) but also in other temperate and tropical plant families, such as the Bignoniaceae, Malvaceae and Rhamnaceae (Solereder, 1908; Esau, 1969; Roth 1981; Pace et al., 2015) . In addition, Ampelocissus differs in having heterocellular rays.
Parthenocissus forms a clade with Yua, which is sister to the Ampelocissus-Vitis clade (Lu et al., 2018; Fig. 4) . Three genera in this clade, Ampelocissus, Pterisanthes and Nothocissus are sometimes referred to as Ampelocissus s.l. because the segregate genera Nothocissus and Pterisanthes are not monophyletic and therefore do not warrant separate generic status (Chen & Manchester, 2007; Liu et al., 2016 ). Given our current knowledge of the wood anatomy in Vitaceae, the combination of non-stratified phloem, scalariform intervessel pits and heterocellular rays occur in both Pterisanthes and Ampelocissus. Our survey of the wood and bark of Pterisanthes therefore also support its merging with Ampelocissus, and while the wood anatomy of Nothocissus is incompletely known it also has heterocellular rays (Table 1; Fig. 4 ). Age ? 
Nekemias
InsideWood, M.Pace, pers. obs. Adkinson, 1913; Wheeler & LaPasha, 1994 Yua
Wheeler & La Pasha's (1994) description of the wood anatomy of Ampelopsis includes species that are now placed in the segregate genus, Nekemias Raf. (Wen et al., 2014 Fig. 4 . Distribution of phylogenetically significant wood characters in the Vitaceae, stratified and non-stratified phloem, scalariform and alternate intervessel pitting, homocellular rays composed of exclusively procumbent cells and heterocellular rays in Vitaceae, mapped onto the basic phylogeny adapted from Lu et al. (2018) which shows the five major clades within the family. The "?" indicates that the wood is only partially known in Nothocissus, Pterisanthes and Yua.
estimates for the Ampelocissus-Vitis and Parthenocissus-Yua clades suggest a Paleocene date (ca. 60 My BP; Liu et al., 2013 Liu et al., , 2016 Lu et al., 2018) with Parthenocissus appearing in the Eocene. Austrovideira is early Oligocene in age (29-32 My BP) while Vitis is estimated as having appeared in the Eocene (40 My BP) but underwent extensive and separate radiations in both Eurasia and North America during the Miocene (Liu et al., 2016) . Other modern taxa, none of which occur in Australia, share some characters with Austrovideira. Austrovideira shares with Nekemias and Ampelopsis scalariform intervessel pits and homocellular rays. They differ from Austrovideira in having non-stratified phloem. Rhoicissus has scalariform intervessel pits, but it lacks both phloem stratification and homocellular rays and has numerous idioblasts in the wood rays, which are absent in Austrovideira. Cyphostemma also has scalariform intervessel pits but differs from Austrovideira in both ray and phloem morphology. Comparisons with some Australian genera, i.e., Clematicissus and 'Cissus II', are not possible because the anatomy of these taxa has not been studied (Table 1) .
Wood anatomical characters also provide support for phylogenetic links between some genera. Tetrastigma and Cayratia have stratified phloem, alternate intervessel pitting and heterocellular rays which suggests a close relationship between these genera (Table 1 ; Fig. 4) . The new described genus, Causonis, was recently separated from Cayratia by Wen et al. (2013a) . As only a single voucher was cited by Wheeler & La Pasha (1994) , as Cayratia sp., the description of the wood anatomy could pertain to either Cayratia or Causonis.
While the stem anatomy of the informal genus 'Cissus II' has not been described, Jugo Ilic (2017, pers. comm.) has indicated that it has scalariform intervessel pitting. If this is the case than it differs from the sister taxon Cissus which has alternate intervessel pitting. Studies of the wood anatomy of the 'Cissus II' clade would be useful.
Fossil record of the Vitaceae in Australia and biogeographical implications
The pollen in the Vitaceae are tricolporate and vary from oblate to prolate, with a reticulate exine (Erdtman, 1952; Wen, 2007) . The oldest fossil pollen referred to the family from Australia is from the Lower and Middle Nothofagidites asperus Zone from the Bass and Gippsland Basins in south eastern Australia which is considered to be late Eocene in age (Macphail et al., 1994; Martin, 1994) . Truswell et al. (1987) , in an earlier paper, had concluded that the Australian sites provided the earliest pollen records of the family. Rhoipites cissus Macphail & Truswell was described from the Late Miocene-Early Pliocene of the Bookpurnong Beds in the Central West Murray Basin, south eastern Australia (Macphail & Truswell, 1993) . It was compared with Cissus (Vitaceae) and was considered to range from the late Eocene to the early Pliocene in south eastern Australia (Macphail & Truswell, 1993; Macphail, 1996) . Macphail & Truswell (1993) , however, also noted similarities between this fossil pollen and modern members of the Araliaceae and (Sterculioideae) Malvaceae. Fossil Vitaceae pollen is also recorded as a rare component in early to middle Miocene Morwell and Yallourn coal floras of south eastern Australia by Luly et al. (1980) , Sluiter (1984) and Blackburn & Sluiter (1994) . Pollen assigned to Rhoipites grandis Kemp, from the DSDP Site 254, Ninetyeast Ridge off the West Australian coast described by Kemp (1974) and Kemp & Harris (1977) was also considered to resemble pollen of the Vitaceae (Macphail et al., 1994) .
Seeds with paired ventral infolds and a dorsal chalaza are referable to order Vitales (Chen & Manchester, 2011) and seeds of Vitaceae, like the pollen record, first appear in Australia during the Eocene (Carpenter et al., 2004) . Rozefelds (1990) provided the first unequivocal record of fossil Vitaceae seeds from Australia. He recorded two species of Vitaceae from the early Oligocene Capella flora. One taxon was named and it was compared with extant Cissus and Ampelocissus (Rozefelds, 1990, fig. 7A-F, L; Fig. 5 ). Morphological comparisons were complicated by the varying preservation of the silicified specimens with some seeds showing the external appearance (Rozefelds, 1990, fig. 7E; Fig. 5 ), others represent internal casts of the seeds (Rozefelds, 1990 , fig. 7A-D; Fig. 5 ), while others provide a cross section through the seed (Rozefelds, 1990, fig. 7F, L; Fig. 5 ). Due to the limited comparative extant material available and uncertainty about the generic placement of these specimens, it was the intention of the author to describe a form genus Cissocarpus, for the type species, jackesiae. This seemed preferable to placing the material in either an extant genus or in a Northern Hemisphere fossil genus (Tiffney & Barghoorn, 1976; Collinson, 1983) . Due to mistakes in the original manuscript, that were not corrected during the editing of the paper, and related problems associated with the publication of the Proceedings of the IOP Conference, this combination was not made correctly, although it was formalized in a nomenclatural note by Bostock & Clifford (2008) .
The phylogenetic placement of the Cissocarpus jackesiae (Rozefelds) Bostock & Clifford was compared by Rozefelds (1990) , as noted above, with Ampelocissus and Cissus but its relationships have not been re-examined. Since that paper was published the Australian species of Cissus (sensu Jackes, 1988b) has been recognized as being polyphyletic (Rossetto et al., 2007) , consisting of three clades which are equivalent to Clematicissus, 'Cissus II' and Cissus sensu stricto, and that differ significantly in seed morphology (Chen & Manchester, 2011) . Recent research on the seeds of Vitaceae, by Chen & Manchester (2011) , have shown that most modern genera in the family can be distinguished by differences in seed morphology and anatomy. Re-examination of Cissocarpus jackesiae shows that the seeds are oval in shape, have a elongate chalazal scar, with conspicuous ruga on the dorsal surface, and long paired ventral parallel grooves (infolds) on the ventral surface, with a columnar, moderately thick, sclerotesta (Rozefelds, 1990) . Comparison of C. jackesiae with illustrations and descriptions in Chen & Manchester (2011) show that it is unlikely to have affinities with Ampelocissus as the chalaza is oval in the extant genus and elongate and linear in the fossil (Fig. 5) . The elongate chlalaza and long, paired parallel infolds suggests affinities to either the Cayratia and Tetrastigma or 'Cissus II' clades (sensu Manchester et al., 2013; Lu et al., 2018) . Chen & Manchester's (2011) Principal Component Analysis, was unable to separate the Australian seeds of 'Cissus II' from Tetrastigma.
Another seed taxon illustrated from Capella (Rozefelds, 1990, fig. 6F ) is pyriform in shape and has infolds on the ventral side of the seed, but only a single specimen was known at that time; which was still partially embedded in silcrete. Additional specimens, include internal casts, show the seeds have an oval chalaza. The short, ventral infold (slits) that are apically divergent and affinities with either the AmpelopsisClematicissus-Rhoicissus clade or the Parthenocissus-Yua clade (Manchester et al., 2013) seem likely, although the only genus in these clades currently represented in the Australian region is Clematicissus.
Vitaceae seeds are recorded from other Cenozoic floras in Australia. Carpenter et al. (2004) illustrated two lignified seeds from Eocene sediments at Mount Hotham that are thought to have affinities with the Vitaceae. One of which was oval in shape and was tentatively compared with Cissocarpus jackesiae but only the dorsal surface of the seed was illustrated (Carpenter et al. 2004, fig. 77; Fig. 6 ). It shares with the type material an elongate chalaza and conspicuous ruga and affinities with the Cayratia and Tetrastigma or 'Cissus II' clades seems likely (Fig. 7) . A second seed, pyriform in shape, with broad furrows was also illustrated (Carpenter et al., 2004, fig. 121 ) and it may also be referable to the Vitaceae, but only the ventral view of the seed was illustrated. There is also an additional Paleogene record from Tasmania and an oval seed was illustrated from the Breadalbane Lignite by Johnston (1875, figs 21, 22) . The illustration shows the dorsal side of the seed, the chalaza is oval to elongate in shape and there are faint radial ridges (ruga) around the chalaza, suggesting affinities to the Vitaceae. Vitaceae seeds are also known from the middle Miocene Yallourn Coal Measures (Rozefelds, pers. obs.) which provides additional support for interpreting the pollen that was recognized from this unit (Luly et al., 1980) as belonging to this family. Carpenter et al. (2004) showed that Vitaceae seeds were present in Australia by the Eocene and if both species, as suggested herein, belong to the family than this would indicate that the family had diversified by the Eocene in Australia (Fig. 8) . The Capella seed evidence, in regard to the number of species, is more convincing and shows two species were present in the flora. One species is thought to have affinities to the Tetrastigma-Cayratia or "Cissus II" clades, while the other has similarities to either the ClematicissusAmpelopsis or Parthenocissus-Yua clades; and the wood, Austrovideira, is most similar to Parthenocissus-Vitis clades. So the fossil wood and seeds collectively demonstrate that three Vitaceae taxa were present in the Capella flora. The modern North Queensland Vitaceae flora includes genera Clematicissus, Cissus, Tetrastigma, Ampelocissus and Cayratia (Jackes, 1987b) which are often sympatric, so the cooccurrence of a number of Vitaceae species in the same fossil flora could be expected.
As Manchester et al. (2013) pointed out, recent discoveries of Late Cretaceous (Maastrichtian) aged Vitaceae seeds in India, before collision of that plate with Eurasia, provide the earliest evidence of the family and suggests a gondwanic history and a previously unsuspected Southern Hemisphere origin for the Vitales (Manchester et al., 2013) . The recognition of wood referable to the Leeaceae from the late Cretaceous À early Paleocene Deccan Intertrappean Beds of Central India provides further evidence of the Vitales from India (Prakash & Dayal, 1963 (1964 ; Wheeler et al., 2017) . Truswell et al. (1987) suggested, based upon the earliest pollen records being Australian, that the Vitaceae may have migrated from Australia to south east Asia. The fossil record in Australia, based upon both pollen, seed and wood (Johnston, 1875; Rozefelds, 1990; Macphail et al., 1994; Martin, 1994; Carpenter et al., 2004; herein) , also provides further evidence of a gondwanic diversification of the family and indicates that the Vitaceae were present in Australia by the Eocene, 15-20 million years before collision with Pacific Plate. The island of New Guinea represents the northern edge of the Australian plate (Sahul) and is a tectonically complex region that was formed, in part, through the collision between the Australian and Pacific Plates (Baldwin et al., 2012) , and the New Guinean flora consists of both Gondwanic and more recently arrived Laurasian elements. Vitaceae in Australia show relatively high levels of endemicity, with approximately 65% of the species endemic, and if New Guinea is also included the percentage of endemicity increases to over 75% indicating a significant period of isolation which is consistent with a Gondwanic history for the family. Fossil seeds and wood from Australia, North America and Europe also shows that the family was widespread during the Eocene climate maximum (Carpenter et al., 2004; Collinson et al., 2012; Manchester et al., 2013; herein) .
Conclusion
Austrovideira is the first fossil Vitaceae wood described from the Southern Hemisphere. The fossil record demonstrates that the distinctive wood anatomy of the Vitaceae and the lianescent habit was already established by the Eocene in the Northern Hemisphere (Wheeler & La Pasha, 1994; Poole & Wilkinson, 2000) and by the Oligocene in the Southern Hemisphere. As the Leeaceae are sister to Vitaceae, the recognition of Leeaceae wood from the late Cretaceous À early Paleocene of India would suggest that the Vitaceae had also evolved by this time.
The wood anatomy of modern genera Acareosperma, Causonis, 'Cissus II', Clematicissus, and Nothocissus is either not known or incompletely known and a comprehensive review of the stem anatomy of the family is needed (Table 1) . Additional fossil discoveries will also provide phylogenetic insights into relationships within the family; which in turn will help elucidate the evolution of intervessel pit type, phloem stratification and ray composition in this important lianescent family.
While the foundations for understanding Vitaceae seed morphology in Australia were laid by Jackes (1984 Jackes ( , 1987a Jackes ( , 1987b Jackes ( , 1988a Jackes ( , 1988b Jackes ( , 1989a , recent studies by Chen & Manchester (2011) demonstrate opportunities for more detailed analysis using micromorphological characters and morphometrics. The fossil Vitaceae seeds from Australia remain little studied and opportunities exist, to apply new approaches, such as synchrotron-based micro tomographic studies that would allow this material to be studied in more detail (e.g., Adams et al., 2016) . Future studies could also focus on a much more detailed understanding of the variation in seed morphology in both living and fossil members of the family in Australia and more extensive fossil collecting is likely to yield further evidence of the family.
Much of our understanding on the wood anatomy in the Vitaceae is due to Wheeler & La Pasha's (1994) modern Record of fossil Vitaceae wood from the Southern Hemispheretreatment of the family, but significantly no Australian material was included in this study except for two samples from New Guinea. In this paper, we demonstrate the use of wood anatomical characters to identify fossil Vitaceae woods but more importantly we explore the use of wood characters in providing phylogenetic insights into the family, and in particular variation in intervessel pitting, ray composition and the occurrence of stratified phloem in the family.
Austrovideira is one of the few fossil angiosperm woods known from Australia that can be referred to an extant family. Limited research has been undertaken on the fossil angiosperm woods of Australia. While numerous challenges exist in documenting wood anatomy of Australian trees, online resources, such as Insidewood and interactive keys, such as the Australian Tropical Rainforest Plants (2010), are providing new opportunities to study this poorly researched area, although large gaps in our knowledge of the wood anatomy of many groups in Australia remain, and the paucity of vouchered collections will generate difficulties in undertaking phylogenetic research in this area. This paucity of collections, and lack of recent research, particularly from a phylogenetic perspective, means that understanding the evolution of groups of plants in Australia, particularly those that radiated in Australia, will lack access to wood anatomical data. This makes identification of fossil wood difficult in the absence of comparative collections that are accessible, and importantly it limits our ability to both document the groups of plants present at fossil sites but it also impacts, to some extent, on our ability to interpret the climatic signals from wood that are relevant to interpreting the palaeoecology of these sites.
